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Abstract 
When it comes to the design stage, being proactive is a challenge for development of every safety and environmental 
management system. Assessing the demolition risks either safety or environmental usually limits to the site and 
workers whereas the public and surrounding area are usually being neglected. This paper briefly reviews Malaysia’s 
demolition work related safety and environmental provisions and ultimately propose a methodology that can be used 
to assess safety risks and evaluate significant environmental aspects. A hybrid QFD-ANP multiple criteria decision 
making technique has been used to enable us to prioritise risks or aspects based on their importance. 
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1. Introduction 
In Malaysia, there is a growth on demolition works project in recent years. Although not in rapid 
expansion, it is considered there are a growing market demand and more in the future. Demolition works 
can be considered as a part of construction works. According to Ofori (1992) who included demolition in 
his construction definition, “A sector of the economy which plans, designs, alters, maintains, repairs and 
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eventually demolishes buildings of all kinds, civil engineering works, mechanical and electrical 
engineering structures and other similar works”. Hughes and Ferrett (2009) said that demolition works 
can be considered as one of the most hazardous construction operation and is responsible for more deaths 
and major injuries than any other activity. Furthermore, Kassim (2008) mentioned that demolition 
operations in Malaysia have a direct link to the construction sector.  
The safety and health risks in demolition activities are mostly related to an unplanned collapse of the 
structure; this includes the incorrect use of demolition tool and unsafe site which can cause injuries 
(Anumba et al, 2004). This has been supported by the earliest JAC Report (HSE, 1988) which revealed 
that fatality is more likely on demolition accidents than any other construction work. Despite the fact that 
the number of accident cases related to demolition works in Malaysia seems relatively small, it is better to 
address the issues now to prevent any disaster from happening in the future. Demolition works not only 
revolved around the site but also involve the surrounding area nearby namely; the adjacent structures, the 
people or passerby and the environment.  
Every demolition works site has unique characteristics. Basically, demolition works involve many 
activities such as dismantling, razing, destroying or wrecking any building or structure (MS 2318, 2012), 
waste management and so on. As demolition works is the reverse activities of construction works, an 
appropriate planning and method need to be based on thorough risk assessment study and under the 
supervision of designated person. This to ensure that the livability of the general public is preserved by 
controlling any possible nuisance without declining quality of life and causing any environment impact. 
The term “Public Environment” here is referring to those who live in the neighbourhood or passer-by 
and properties around the demolition works site. The aim of this study to look at the demolition works 
nuisances/hazards which can disturb the quality of life or give impact to the public. Environmental issues 
are also one of the big concerns when it comes to public environment wellbeing. According to National 
Science and Technology Council 1993, air and water pollution, ecosystem deconstruction and solid waste 
generation are harmful side effects caused by the depletion of natural resources, which contributed by the 
construction and demolition industry (Jacoby, 2001). This leads to the introduction of Environmental 
Management System (EMS) to protect the environment. EMS policy has been adopted and widely 
publicizes to protect the environment from harm after an increase of environmental awareness among 
public, the statutory requirements due to government policies and regulations, and pressures from 
organized groups (Hui et al., 2001).  
2. Review on demolition works safety and health  
Demolition works usually being carried out near places where it is easily accessible by public. It is 
mandatory for each site to ensure every precautionary measure has been carried out accordingly to protect 
the public from any incidents. The most preferable choice in practice for demolition project in Malaysia is 
by using the conventional method (Abdullah et al., 2008). However, Lauritzen et al. (1994) mentioned 
that traditional methods of demolition works normally have little regard to the environment and often the 
resulting debris is disposed of in uncontrolled sites. Previous studies mostly focus on demolition works in 
general: demolition works techniques (Abdullah, 2008), demolition works risk assessment (Kassim, 2008; 
Abas, 2010), demolition waste disposal and management (Hassan et al., 2012; Osmani, 2012; Marzouk et 
al., 2014), refurbishment or building alteration (partial demolition works) (Isnin et al., 2012). Although 
refurbishment or alteration of the building is partial demolition works, this paper only focus on total 
demolition works. 
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2.1. Safety, health and environment provisions in Malaysia 
To date there are no specific guidelines to promote safety and health for the public in demolition 
works. As mentioned earlier, demolition works are considered as part of the construction industry; 
therefore some of the provisions related to public safety and health in demolition works can be found in 
Occupational Safety and Health (OSHA) 1994, Factories and Machineries Act (FMA) 1967 (Building 
Operations and Works of Engineering Construction) (Safety) Regulations 1986 and Guidelines for Public 
Safety and Health in Construction Site (GPSHCS) 1994. Demolition of Buildings- Code of Practice (first 
revision) MS 2318: 2012 is the newest guidelines for demolition works, drafted to provide guidance 
towards safe and good practices for better planning and control as well as in selecting the most suitable 
demolition methods. Its aim in minimising the risk of public and neighbourhood environment from the 
demolition works. But, this code of practice contains only basic information, and it stressed on how 
practitioners and contractors should use their own professional judgement when carrying out demolition 
works. Safety, health and environmental and aspects have to be referenced to other relevant requirements 
and regulations. 
OSHA 1994 is a self-regulation act which aimed to promote a safety culture among practitioners in 
almost all industries in Malaysia (Faridah et al., 2012). It is an Act that uses to prosecute people who 
commit negligence where a Code of Practice or Guidelines cannot do it even though they are more 
detailed than the Act itself. FMA (1986) is the earliest Act on safety regulations in demolition works, 
which concerned more about the people associated with the site like the employees and subcontractors. 
Some of the regulations from this Act had been included inside GPSHCS 1994. Below are the specific 
safety and health guidelines for demolition works located in the Guidelines for Public Safety and Health 
in Construction Site 1994, Part 14.1 Demolition and are summarised as below. 
Malaysia is one of the earliest country who introducing their own Environmental Quality Act in 1974. 
Since then, a number of related guidelines had been introduced to minimize the environmental issues. For 
example Environmental Quality (Clean Air) Regulations 1978 for air emission standards, Environmental 
Quality (Motor Vehicle Noise) Regulations 1987 for noise pollution standard and discharging scheduled 
wasted under Department of Environment (DOE) namely; Environmental Quality (Scheduled Wastes) 
Regulations 1989, Environmental Quality (Prescribes Premises) (Scheduled Wastes Treatment and 
Disposal Facilities) Order 1989. Although the guidelines are not laws, it is required to follow those 
guidelines to protect the environment from harm.   
 
Table 1. Part 14.0 Demolition-guidelines for public safety and health in construction site 1994 
Part  Guidelines  Section 
General  Guideline for Safety and health of the employee and public in general: 
Selection of demolition method  
Risk assessment study and action plan. 
Safe work to avoid unplanned collapsed of the structure and adjacent 
structure 
Demolition near public area should be carried out during the non-peak 
hour 
Should be done by train personnel under the supervision of a 
designated person 
Under adverse weather conditions, demolition should not be continued 
GPSHCS 1994, 
s14.1(14.1.1), (14.1.2), 
(14.1.3), (14.1.4), (14.1.5) 
and (14.1.1.6)  
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2.2. Hazards in demolition works 
Code of Practice for Demolition Work Australia (2013) defines “any work that is connected with the 
demolition of a structure is classified as ‘construction work’ under the Work Health and Safety (WHS) 
Regulations. When carrying out demolition work, the requirements relating to construction work must be 
complied with.” As there are many references associated demolition works with construction works, a set 
of hazards from both works has been listed out. Health Safety and Executive(HSE) (2013), addressed that 
there are nine key issues related to demolition works, namely; falls from height, injury from falling 
materials, uncontrolled collapse, risks from connected services, traffic management, hazardous materials, 
noise and vibration, fire and worker involvement. From these key issues, not all are associated or can give 
impact to the public. Generally, hazards from the construction work sites that can cause potential injuries 
to the public are falling objects, delivery and other site vehicles, scaffolding and other access equipment, 
storing and stacking materials, openings and excavations, slips, trips and falls within pedestrian areas, 
plant machinery and equipment, hazardous substances, electricity and other energy sources, dust, noise, 
vibration and road works (HSE, 2010). 
 
 
 
Preparatory work  Before work begin, items below should be put into consideration: 
Adequate inspection by designated person 
Unstable structure should be made secure 
All utilities should be disconnected  
Adequate fenced off or warning sign should be posted around danger 
zone of the structure 
Structure should be free from any toxic and hazardous substances 
Ensuring material like glass, loose objects, projecting parts, 
explosive/inflammable/toxic and harmful substances are removed.   
GPSHCS 1994, s14.2 
(14.2.1(abc)), 
(14.2.2),(14.2.3), (14.2.4) and  
(14.2.5) 
Catch Platforms for 
Demolition Operations  
It shall be provided along the exterior walls of a structure (more than 
12.2 meters high) to prevent injury to the public. It should be: 
Designed by the Professional Engineer and certified for safety 
Maintained not more than 6 meters below from which the exterior 
walls are being removed 
Not be used as storage of materials, working platforms or walkways. 
GPSHCS 1994, s14.3 
(14.3.1),(14.3.2), (14.3.3) and 
(14.3.4) (taken from Building 
Operations and Works of 
Engineering Construction 
(Safety) Regulations, 1986) 
During Demolition The contractors should:  
Provide appropriate information on safety and  health hazards  to 
workers and public 
Follow demolition sequence and method 
Ensure site in safe condition 
Provide Personal Protection Equipment (PPE) 
Keep the debris with sufficient moist to lay the dust 
GPSHCS 1994  
(14.4.1 (a,b,c,d,e) ) 
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2.3. Environmental issues in demolition works 
According to The World Health Organization (WHO) (2006), environment and human have constant 
interactions with each other which affect the quality of life, years of healthy life lived, and health 
disparities. Based on this statement, environmental issues and health are both connected to each other and 
which of issues related to demolition works project need to be identified. Therefore, by understanding 
what is environment can lead to a better understanding of environmental management (Roberts and 
Robinson, 1998). Environment is “ the surroundings in which an organization operates, including air, 
water, land, natural resources, flora fauna, humans and their interrelation” (ISO, 1996), where else, 
Environmental Management (EM) is “management of an organization’s or company’s impact on the 
environment” (Roberts and Robinson, 1998). EPA (2002) stated that the purpose of environmental 
management is to “identify human activities that may threaten and affect the quality of the environment, 
implement mitigation measures at the appropriate time to manage these effects, ensure that anticipated 
effects are maintained within the level predicted, manage anticipated effects before they become a 
problem and optimize environmental protection”.  
Environmental Management System (EMS) is a self-motivated effort to identify opportunities for 
pollution reduction in order continuously makes improvements in production methods and environmental 
performance (Khanna and Anton, 2002). EMS consists of the phase of: plan, do, check, and act based on 
ISO 14001 and can create a better future action and communication in an organization by having a good 
planning in formulating a policy. Therefore, to find any possible objectives and targets in order to 
formulate a good environmental policy is a must (Gbedemah & Backman, 2004). Kuhre (1995) starts with 
creating an assessment of the environmental and the possibility of the impacts of the organization’s 
activities, products and services at the planning phase. Manifestation of the aspects where it is said can be 
good or bad ‘potential effects’, it can lead to changes (Kuhre, 1995). The first step of implementing EMS 
is by identifying all significant environmental aspects of the activities at the job site to get a clear set of 
objectives and targets that can be achieved (Soderman, 2006).  
3. Research methodology 
The objectives of this study are to identify the current provisions on public safety and health and to 
determine important safety & health and environmental issues related to public when demolition work is 
carried out. Literature review on public safety and health provisions in demolition works has been 
conducted using content analysis. Previous research has been used to highlight all possible public safety 
& health hazards and environmental issues in general. To achieve the second objective, interview with 
demolition experts and site visit were carried out. It was noticed that there is cause and effect relationship 
between demolition activities and associated hazards regardless of hazard types that can be either safety 
& health or environmental aspects. Detail review of the past reported demolition safety and 
environmental accidents shows accident in some activities happen more frequently. In another word, 
activities are not similar if they compared with respect to hazardous property. On the other side, there is 
also a dependency between safety & health hazards and environmental aspects since one aspect/hazard 
may generate one or more new aspects/hazards. Hence, this paper proposes to use Quality Function 
Deployment (QFD) in order to see dependences and prioritize associated aspects with respect to their 
importance. A case study of large scale demolition project was selected to implement and evaluate the 
proposed methodology.  
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3.1. Quality function deployment and analytic network process 
Quality Fuction Deployment (QFD) is a quality planning tool which has been widely used in 
manufacturing industry(Akao, 2004). The history of QFD application can be traced back to 1960 when 
Japanese shipyard industry employed this technique in order to improve the product quality. The primary 
function of QFD is to satisfy end users in a proactive way. This technique assumes that customer 
expectations can be identified and satisfied in the early stage of product design. Therefore future costly 
changes can be prevented. Customer needs or “WHATs” are vague expectations that should be satisfied. 
For every single expectation company’s experts determine “HOWsˮ or the way in which customer needs 
are properly answered. One customer need may be satisfied with one or more than one HOWs. There is a 
correlation between customer needs and technical HOWs.  QFD use matrix approach for the purpose of 
computation. This matrix is called House of Quality (HoQ) where all these dependences are seen. HoQ is 
able to prioritize HOWs however, traditional HoQ has its shortcoming such as time consuming and 
possibility miss calculation of final priorities. Recently Analytic Network Process (ANP)(Saaty, 2004) 
which is a tool for decision making with dependence and feedback has been incorporated into QFD 
(Büyüközkan et al., 2004; Kahraman, et al., 2006; Lee & Lin, 2011; Liu & Tsai, 2012). The hybrid model 
of ANP-QFD not only is able to prioritize decision criteria, is able to model whole HoQ and compute 
final priorities of decision alternatives. In this paper, demolition activities are regarded as customer needs 
or WHATs and all hazard associated with activities are regarded as HOWs. ANP with the aid of its 
holistic supermatrix approach will estimate final priority of HOWs. 
The computation process of QFD can be seen as a decision problem therefore, it should be 
decomposed into Goal- Criteria- Alternative order. Figure.1 shows how HoQ is modeled with ANP. 
Beside, ANP use pairwise comparison in order to derive priority vector of decision elements. Series of 
ANP-based questionnaire are distributed among 5 experts and they are asked to pairwise compare the 
dominance of one element over another with respect to the control criterion. For example, experts are 
asked to respond to this generic question: How much more element A is more important than element B 
with respect to element C (element C here is the upper level element or control criterion). Since for every 
single question 5 responses are collected to aggregate judgments geometric mean of judgments will be 
used. It is noteworthy to mention that during problem decomposition stage, and before distributing 
questionnaire it is very important to well-defined the relationship among decision elements. These 
relationships or dependencies are identified with the aid of Interpretive Structural Modeling (ISM)(Kang 
et al., 2011; Malone, 1975). When all pairwise comparisons are performed, the priority vectors which are 
an approximate estimation rather than precise values; the estimated priority vectors are acceptable if the 
judgments would be fairly consistent. Therefore, the inconsistency of judgments with the aid of 
Consistency Index (CI) test are checked. In all pairwise comparison matrices the amount of CI should not 
be more than 10%. Experts who made inconsistent judgment should be asked to correct their judgments in 
order to improve consistency index. Priority vectors are then transferred into unweighted supermatrix 
where the elements of the first raw influence on the first elements of column. The unweighted 
supermatrix should be transformed to weighted or column stochastic supermatrix where summation of 
each column member is equal to one. This matrix is then raised to power of a large arbitrary number in 
order to obtain final priory of decision alternatives (Demirel & Kahraman, 2008).  
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Fig.1. QFD table and its conversion to ANP model G, C and A are respectively denoted goal, criteria and alternatives 
4. Findings and discussions 
The objectives of this study are to identify the current provisions on public safety and health and to 
determine the safety and health issues related to public environment in Malaysia. Literature review on 
public safety and health provisions in demolition works has been conducted using content analysis. Most 
of the provisions in Malaysia are only focus on inside the demolition works project site and those related 
to the project itself and little concern on public. GPSHCS 1994 has derived the Part 14.1 Demolition from 
Building Operations and Works of Engineering Construction (Safety) Regulations, 1986). This is the only 
guidelines that briefly touch on the public safety and health where these guidelines give guidance to 
employers on how good work practices can be carried out on site to prevent accident to the workers and 
the public. The guidelines are designed to assist the employers or practitioners as a handy reference and 
must be review together with legislations and other code of practice such as OSHA 1994 and FMA 1967. 
The Environmental Act 1974 is an Act applies to most industries which made it too general and not 
specific to one industry only. It is an Act that related to the prevention, abatement, control of pollution 
and enhancement of the environment and anything that connected with it. A comprehensive specific 
guideline for demolition works is needed and it must be based on these provisions to get a clear 
understanding. 
In this paper, demolition of 5 building blocks of female hostels located at Universiti Teknologi 
Malaysia, Kuala Lumpur Campus was selected as a case study. The demolition site was located in the 
urban and congested area surrounded by number residential houses and academic area (Figure.2). The 
distance between site center and the first house and academic building was respectively about 10 and 30 
meters.  
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Satellite view of the demolition site  
Source: Google map 
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Following the detailed review of project method statement it was identified that demolition work 
should be carried out in three different stages such as pre-demolition, actual demolition and post 
demolition. With the aid of the interview with 5 experts and literature review (Gangolells et al., 2009; 
Gangolells et al., 2013; Gangolells et al., 2010) total number of 11 safety & health related hazards and 22 
environmental related aspects were identified. In addition, experts were asked to identify the relationships 
between activities and demolition hazards/aspects and dependence between safety hazards and 
environmental aspects with the aid of ISM. From the preliminary list of associated safety & health 
hazards and environmental aspects, the irrelevant hazards and aspect to public with regard to several 
factors such as distance and possibility of reaching adverse effect/impact of associated hazard and aspect 
to the public were identified and excluded, since the scope of this paper focus only on the neighborhood. 
Below are the sample of the list of demolition activities and safety hazards and environmental aspects: 
List of demolition activities (decision criteria) : Mobilization of machinery and equipment to site 
(MB), Setup of store, skid tank containment toilet, laboratory and hoardings (STP), Scaffold erection 
(SE), Soft stripping (SS), Hacking and knocking (HK), Saw cutting (SC), Removal of debris (RD), 
Vehicle wash down (VW), Site clearance (SCs), Machine movement (MM), Segregation and packaging 
(SP), Loading and Lifting (LL), Demobilization (DM). 
Preliminary list of safety hazards and environmental aspects: Fall (Same level, between levels), 
Machinery collision, Traffic accident, Electrocution, Explosion, Contact with flying objects, Heavy 
equipment fall over, Building collapse, Contact with hazardous substances. Generation of GHG by 
machinery, VOC and CFC, Water dumping, Generation of inert waste, Generation of ordinary waste, 
Generation of special  waste, Generation of municipal waste, Land occupancy, Dumping to soil derived 
from the use and maintenance of construction machinery, Water consumption during the construction 
process, Electricity consumption, Fuel consumption, Dust generation, Dirtiness at the on-site entrances, 
Generation of noise and vibrations due to site activities, Odor, Landscape alteration by the presence of 
singular elements (cranes), Increase in external road traffic, Vegetation removal, Soil erosion, Soil 
compaction, Fire and visual. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Priorities of decision criteria with respect to goal 
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Table 2. Problem decomposition structure  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Final priorities of decision alternatives 
Name Ideals Normals Raw 
DG 0.596546 0.142052 0.085537 
DS 0.376925 0.089755 0.054046 
F 0.044143 0.010511 0.00633 
GMW 0.265937 0.063326 0.038132 
GN 0.972636 0.231609 0.139464 
GSW 0.272282 0.064837 0.039042 
OS 1 0.238125 0.143388 
RT 0.294307 0.070082 0.0422 
VR 0.187106 0.044555 0.026829 
WD 0.189599 0.045148 0.027186 
 
Secondary list of environmental aspects and safety & health hazards (The second part of decision 
alternatives): Water dumping (WD), Generation of special waste (GSW), Generation of municipal waste 
(GMW), Dust generation (DG), Dirtiness at the on-site entrances (DS), Generation of noise (GN), 
Vibrations due to site activities (VR), Odor and smoke (OS), Increase in external road traffic (RT), Fire 
(F). After decomposing decision problem, following the concept of QFD-ANP (Figure 3) with the aid of 
5 experts, pairwise comparisons were performed and first the priorities of decision criteria with respect to 
goal were obtained (Table 2) and then with the aid of supermatrix approach the final priorities of decision 
Inconsistency 0.00143 
Name Normalized Idealized 
DM 0.053691 0.355167 
HK 0.151172 1 
LL 0.035896 0.237452 
MB 0.053438 0.353491 
MM 0.092364 0.610987 
RD 0.110288 0.729552 
SC 0.128669 0.851144 
SCs 0.073525 0.486368 
SE 0.055144 0.364776 
SP 0.098764 0.653324 
SS 0.055144 0.364776 
STP 0.036763 0.243184 
VW 0.055144 0.364776 
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alternatives with respect to the overall goal were obtained. Table 3 Shows the estimated priorities of 
decision alternatives where odor & smoke followed by generation of noise and generation of dust are 
among top tree important aspects associated with demolition activities for the selected case study.  
5. Conclusions  
A proper safety, health and environmental guidelines for the public is necessary to prevent accidents 
and injuries. It should specify a detail information and easy to understand to anyone. This eventually will 
increase the level of awareness among public on how dangerous a demolition works project and be more 
cautious around this area. This study had identified the key hazards and environmental aspects associated 
in demolition works. As most provisions regarding demolition works are under construction works 
provisions, it is a must to create a standalone public safety, health and environmental guideline especially 
for demolition works. 
To achieve the second objective a QFD based multiple criteria decision making model was formed in 
which demolition activities and associated hazards were respectively regarded as decision criteria and 
alternatives. The whole process of QFD then was modelled with ANP in order to obtain final priorities of 
decision alternatives. It should be noted that the final priorities of decision alternatives were estimated 
with only 5 experts. These priorities are valid for the above case study and cannot be generalized to every 
demolition project. Furthermore, it should be highlighted the priorities only represent the importance 
which has the possibility nature, the word importance should not interchangeably used with significant 
environmental aspect or safety risk level. Therefore, in order to identify significant environmental aspect 
or safety risk level several other factors such as reversibility, severity of impact, spatial scale, temporal 
scale, regulatory status, business concern, cost of changing impact, effect on other activities, public image 
and controllability should also be considered.  
It is recommended that the future works focus more on public perception of demolition work related 
safety hazards and environmental aspects based on this paper. By doing that, the public life's quality 
specially those who lived near to the demolition site can be managed in a proactive way. 
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